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ABSTRACT 
Advanced materials such as Titanium Alloys exhibit very excellent technical 
properties, however have only achieved partial acceptance in industrial application due 
to difficulties in machining. Advanced machining process such as Electrical Discharge 
Machining (EDM) is a potential process to machine such materials. However, lack of 
infonnation regarding machining process of those materials using EDM is a major 
constraint. In this work Channilles Technology Robofonn 100 die-sinking EDM was 
utilized to perfonn the machining of Ti-6AI-4 V and copper was used as the tool 
electrode. The focus of this work is the optimization of the EDM process variables 
where electrical parameters namely; intensity (I), pulse duration (Ii), pulse-off time (to) 
and open circuit voltage (U) were set as design factors. The effect of these design factors 
on EDM perfonnance measures or responses such as Material Removal Rate (MRR), 
Volumetric Electrode Wear Rate (EW) and surface roughness average (Ra) were studied 
and the optimum conditions and values of those responses were estimated. Beside that, 
the overall evaluation criteria (OEC) which represents all three responses into single 
index were also proposed at the finishing stage. Finally confinnation tests were 
conducted to verify the estimated values and all the experimental results fall within 10% 
error. Taguchi approach Design of Experiment (DOErraguchi) was utilized from 
planning until analyzing the results and to assists this work, DOE software; Qualitek 4 
was utilized. 
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ABSTRAK 
Bahan tennaju seperti aloi Titanium mempunyai sifat-sifat teknikal yang sangat 
baik, tetapi penerimaanya agak kllrang dalam industri disebabkan oleh kesukaran dalam 
proses pemesinan. Mesin tennaju seperti Mesin Nyahcas Elektrik (EDM) merupakan 
proses yang berpotensi untuk memotong bahan-bahan tersebut. Halangan utama ialah 
kurangnya infonnasi berkenaan proses pemotongan bahan-bahan terse but menggunakan 
EDM. Dalam projek ini Channilles Technology Robofonn 100 die-sinking EDM telah 
digunakan untuk memesin Ti-6A1-4V dengan kuprum sebagai mata alat. Fokus dalam 
projek ini adalah pengoptimaan pembolehubah proses EDM di mana parameter elekirik 
iaitu arns puncak (I), tempoh denyutan (Ii), tempoh tanpa denyutan (to) and voltan litar 
terbuka (U) telah diset sebagai fakior. Kesan fakior-faktor ini ke atas pencapaian EDM 
iaitu kadar pmbuangan bahan (MRR), kadar kehausan isipadu mata alat (EW) dan purata 
kekasaran pennukaan (Ra) telah dikaji dan kombinasi serta nilai optima bagi setiap 
pencapaian telah dianggar. Selain itu, kriteria penilaian keseluruhan (OEC) yang 
mewakili kesemua riga pencapaian dalam satu indeks juga dicadangkan pad a peringkat 
penyudah. Akhir sekali, ujian pengesahan telah dijalankan untuk pengesahan nilai 
anggaran dan semua nilai ujian eksperimen jatuh dalam lingkungan 10% ralat. Taguchi 
approach Design of Experiment (DOE/Taguchi) telah digunakan dari perancangan 
sehingga ke peringkat penganalisaan dapatan kajian dan bagi membantu projek ini 
peri sian DOE; Qualitek 4 telah digunakan. 
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CHAPTER I 
INTRODUCTION 
There are many advanced materials such as Titanium Alloys which exhibit very 
excellent technical properties that have been invented. However, these materials have 
only achieved partial acceptance in industrial application due to difficulties in machining 
especially when utilizing conventional machine. Therefore, advanced machining such as 
Electrical Discharge Machining (EDM) are normally used. 
Since 1950s, EDM is one of the most extensively used advanced material 
removal processes. The capability in machining extremely hard material is the main 
advantage of this system. The non-contact machining technique is a characteristic of 
EDM that reduces mechanical stresses, chatter and vibration during machining. 
However, there is no universal criterion regarding machining condition for all 
electrodes combinations. Therefore, in this work information regarding Titanium alloy 
machining using EDM has been obtained. For this purpose optimizing process variables 
ofEDM process are the main focus. 
There are multi variables involve while utilizing EDM and design of experiment 
(DOE) is appropriate method for this situation. In this work Taguchi approach DOE 
(DOE/Taguchi) was used to study the influence of electrical parameters over EDM 
responses simultaneously. 
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1.1 Research Background 
Advanced materials such as Titanium Alloy exhibit very excellent teclmical 
properties especially in term of strength, hardness and touglmess. These materials are 
suitable in either macro components such as in aerospace and automotive industries or 
micro components such as in electronic industries. These industries depend increasingly 
on higher geometric accuracies and micro or nano structured surfaces to meet the 
growing need for improve performance and reliability. However, it is partially 
acceptable in industrial application due to difficulties in machining especially when 
utilizing conventional machining. Therefore, for many industries the above requirements 
is leading to capabilities of conventional machining methods and machine tools being 
eclipsed by new processes and machine systems which currently at the research stage [4], 
[24]. Furthermore, the advances in the field of EDM have permitted the application of 
this technology to the manufacture ofthose materials [4]. 
High precision manufacturing has become a strategic and globally competitive 
issue for a wide range of high teclmology products in the mechanical and electronic 
industries. In order to increase global competitiveness it is essential to have the ability to 
manufacture critical components with increasingly higher precision. The importance to 
manufacture products with higher precision has been demonstrated by Japanese through 
its dominance of many markets with advance technology and high quality products, 
made possible by higher precision capabilities. Another critical aspect of high precision 
manufacturing is the trend towards miniaturization [24]. 
Therefore, information regarding machining process of new materials usmg 
advanced machining including EDM process is important. For this purpose, optimizing 
process variables is one of the major EDM research areas [22]. Furthermore, result of 
optimal condition is unique for every combination of different materials of tool electrode 
and workpiece. Once the parameters of the model have been determined experimentally 
for a given workpiece and tool, the model should be able to give reliable predictions 
under various process conditions [14], [15]. 
3 
Repeating the same research and usmg the same electrodes combination is 
meaningless unless an improvement is added for better performances. However, 
research on combination of electrodes that was never done before is important as a basis 
for improvement and comparison by other researcher or for future research. For example 
improvements that can be added are powder-mixed dielectric EDM (PMD-EDM), 
oxygen assisted machining and carbon layered tool [22]. 
Although many aircraft industries use EDM for Titanium Alloys machining, not 
much work has been reported regarding their machining conditions. Furthermore, there 
is no standard teclmology for reference and there is no teclmical data available [29]. 
Currently, there is also no specific research regarding optimizing EDM process variables 
between Ti-6Al-4V and Copper tool combination. Thus, this work is will be the basis 
and reference for improvement research of particular combination in future. 
1.2 Problem Statement 
1. How do electrical parameters applied in this work influence the EDM 
performance for machining Ti-6Al-4V? 
11. What are the optimum conditions to achieve optimum perfonnances in this 
research? 
